Summary: A study of the effect of additional oral potassium on the low body potassium of seven patients with severe valvular heart disease showed that the potassium supplements were retained. After one month's treatment the exchangeable potassium was significantly increased, but the predicted value was not reached in any of the patients. There was no significant change in plasma potassium. These results suggest that it is of benefit to increase the dose of oral potassium for at least one month preoperatively in patients undergoing cardiac surgery.
Introduction
Patients with severe heart disease are frequently depleted of potassium. It is often assumed that the intracellular potassium concentration is reduced, and that this may give rise to serious ill-effects such as cardiac arrhythmias. In some centres it is routine to increase the dose of oral potassium preoperatively with the intention of increasing the body potassium. The efficacy of this treatment in producing a rise in the cellular potassium is, however, not known. The effect of potassium supplements on the exchangeable potassium of patients with severe valvular heart disease has been studied. Since about 9504 of the exchangeable potassium is intracellular, this measurement provides a good index of cellular potassium.
The findings suggest that the reduction of exchangeable potassium is at least partially corrected by oral potassium supplements, but a distinction cannot be made between an increase in intracellular potassium concentration and a movement of water together with potassium into the cells.
Methods
Seven patients with severe valvular heart disease were studied (Table I) . They consented to the study after full explanation of the nature of the investigation and the procedures *Medical Registrar, St. Bartholomew's Hospital, London E.C.1. Measurements of plasma sodium and potassium and exchangeable potassium were made the day before oral potassium was increased, and were repeated after one month of treatment. Two measurements of total body water also were made in four of the patients. Exchangeable potassium was measured by isotope dilution, with 42K; 100 ,uCi was injected intravenously and urine samples were collected [22] [23] [24] hours and 24-26 hours after the dose. The mean of the result from the two urine samples was taken. N,ormal values were predicted from the age, sex, and height of the patient, the regressions loge Ke on loge height, derived by Flear et al. (1966) being used. Total body water was measured with tritium. After a 12-hour fast 500 ,uCi of tritiated water was administered orally and venous blood samples were taken at one and a half and two hours. The plasma was prepared for counting by distillation as previously described (White et al., 1969) . Plasma sodium and potassium were measured by an E.E.L. flame photometer.
Results
The data for body weight, plasma sodium and potassium, exchangeable potassium (Ke), and total body water are given in Table II together with the changes that occurred during the month of treatment. The predicted values for K" are also given. Hyponatraemia was not a feature of these patients and no rise in plasma sodium was found. Neither, judging by body weight and total body water, was there a diuretic effect. There was a small but not significant increase in the total body water. No effect on the plasma potassium was seen.
The Ke in all was significantly below the predicted value (P<0-02). There was a mean increase of 200 mEq after one month of treatment with additional oral potassium (P<0.05), though the final value was still significantly lower than that predicted (P<0-05).
Discussion
The plasma potassium in patients with severe heart disease is usually within the normal range, but the exchangeable potassium is often low. Tissue-wasting probably plays a large part in this deficit, but there is some controversy as to the extent of any fall in the intracellular concentration of potassium. Theoretically a low intracellular concentration of potassium can be harmful in the myocardium because the reduction in membrane potential could result in increased excitability and the development of arrhythmias. The membrane potential is related to the logarithm of the ratio of intracellular to Ki extracellular potassium concentration (Ea log -), and a Ko lower membrane potential will facilitate depolarization in cells with spontaneous pacemaker activity.
Some workers maintain that the low exchangeable potassium reflects a fall in the intracellular potassium concentration (Flear et al., 1966) , but in a previous study we concluded that no significant decrease in cellular concentration was present, except that a slight reduction might occur in the presence of hyponatraemia. Data were also presented to show that the potassium depletion was not related to the duration of diuretic therapy (White et al., 1969) .
Previous studies of the effect of potassium in patients with heart failure have shown a rise in serum sodium when there is hyponatraemia before treatment (Flear and Cawley, 1962) . When the serum sodium was above 132 mEq/litre the increase was not significant. Laragh (1954) noted an increase in both serum sodium and potassium; Flear and Cawley (1962) found no rise in serum potassium but noted that fluctuations were more common after administration of potassium salts. Other workers have suggested that potassium has a diuretic effect. In one patient Cort and Matthews (1954) found clinical improvement with an increased urinary output and concluded that a large cellular deficit had been corrected. Our findings agree with those of Flear and Cawley (1962) in that no change in plasma potassium was found. None of our patients had serious hyponatraemia, and there was no significant increase in plasma sodium, though in one patient (Case 2) who had a plasma level of 131 mEq/l. there was an increase of 5 mEq/L There is little information to show if additional potassium is retained by the body. Brown et al. (1951) found that patients with heart disease have positive balance with orally administered potassium, but submitted that treatment with potassium was dangerous because of a tendency to cause a rise in the serum levels. Only one other similar study has been found in the literature. Nagant de Deuxchaisnes et al. (1961) gave potassium supplements to eight patients with heart disease, five of whom were oedematous, and concluded that the exchangeable potassium could not be corrected by this means. Examination of their data shows that the period of treatment was less than three weeks in seven of. the patients and five were studied again after only one week. The exchangeable potassium increased in five of these patients, and these were those with the greatest potassium depletion. The present study shows a rise in exchangeable potassium in patients with potassium depletion, though during the month of treatment the predicted normal value was not reached in any of the patients. Since no change in plasma levels occurred, the potassium must have been retained within the cells. It is not possible to say, however, whether the cellular concentration of potassium was increased, because a concomitant entry of water into the cells cannot be excluded.
The results, therefore, indicate that additional oral potassium is retained by the body. It is likely to be of benefit to increase the potassium intake for at least one month preoperatively in patients awaiting valve replacement operations, because a rise in cellular potassium can be effected by this means. This paper forms part of a thesis submitted for the degree of M.D. at Cambridge University. The study was made while I was in receipt of a grant from G. D. Searle & Co. Ltd.
